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ABSTRACT 
This report provides the analysis of square tension leg platfonn (TLP) subjected to 
regular wave. Recent depletion of near shore oil resources is quite a big issue and 
therefore, this project studies on other alternatives to extract oil in deep water for 
water depth greater than 300m. The assumption made for this project is that the 
tension leg platfonn is subjected to a regular wave. Dynamic analysis conducted in 
the 'Frequency Domain Analysis'. The project objectives are to detennine the forces 
reacted on square tension leg platfonn, to see the responses of square tension leg 
platfonn in the direction of surge, heave and pitch, to calculate the tension forces 
produced on each tether and to prove that tension leg platfonn is worth in deepwater 
exploration. Wave kinematics value is found by using Airy Wave theory while the 
acted forces by using Morrison equation. Overall, the responses of the TLP have been 
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CHAPTER I 
INTRODUCTION 
1.1: Background of Study 
Interest in square Tension Leg Platform (TLP)s dates back to 1960, and many studies 
have examined the applicability of this concept for deep water developments. Among 
others, Fluor Corporation, Deep Oil Technology, Aker, Mitsubishi Heavy Industries, 
ESSO, BP, Conoco, Saga, Amoco, IFP and Chevron are only a few companies cited here 
in as the pursuant of this concept with notable and publicized studies. During the 
seventies and eighties, especially since the Hutton TLP installation in 1984, the concept 
of a TLP began attracting more attention from the offshore industry as an appropriate 
structure for deepwater applications. 
In the last two (2) decades, the economics of offshore petroleum production have 
changed. Reserves in deepwater began to offer significant financial incentives to justify 
their development. The TLP is one of the viable engineering solutions for meeting this 
demand. Perhaps the primary consideration in selecting this concept for the deepwater 
application is relative insensitivity of the TLP cost to increase in water depth. Its hull, 
which extends only to a limited depth, consumes the largest amount of steel. However, 
this is yet a fraction of the steel needed for a fixed jacket structure at the same location in 
great water depths. The saving in the weight of the steel combined with its excellent 
station-keeping characteristics make the TLP concept one of the most cost effective and 
practical production systems for deep water developments. 
The earliest published work on TLP performance and features is by Pauling and Horton 
(1970). A (1/3)'d scale version of a TLP was first designed, installed and tested in sea 
through a joint industry project by Deep Oil Technology (DOT) in 1970s. Mercier (1982) 
also gives an account of some of the notable work on designs and investigations of TLP 
by various oil companies, drilling contractors, constructors and consulting firms. 
However, only in 1984 the first working TLP was successfully deployed by Conoco at 
the Hutton field in North Sea, United Kingdom. 
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Tension leg platform (TLP) is a multicolumn structure moored to the seabed by vertical 
tethers. It is restramed from moving vertically and rigid risers may be used. TLP is very 
weight sensitive. TLP IS vertically moored floating structure for offshore production of 
oil and gas. With respect to horizontal degree of freedom (DOF), it is compliant, behaves 
like to a floating structure. With respect to vertical (DOF), it is stiff and resembles a fixed 
structure and it is not allowed to float freely. 
The square tension leg platform (TLP) is a type of structural system for exploitation of oil 
and gas fields below sea floor and must be designed to avoid fatigue damage due to 
cyclic action of sea waves. The general design approach for the square TLP is not 
particularly different from any other compliant offshore structures. The analytical 
technique usually depends on the particular platform configuration. 
Figure 1.1: Picture of MARS Square Tension Leg Platform (sources: www.nd.edu) 
What makes the dynamics of TLP unique from other floating structures is its response to 
the wave exciting forces. Besides the responses at the wave frequency, the platform is 
subjected to a high frequency tension oscillation of vertical tethers (often called 
springing) and a low frequency drift oscillation in surge. The overall damping of the 
system (including mechanical and hydrodynamic) is extremely small for both the 
springing and drift oscillation so that they produce significant load in tendons and 
significant motion in surge, respectively. 
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Numerous analysis and model tests have been performed on TLP which considered 
different aspects of platform motion and tether dynamics. It is assumed that all applied 
forces act at the joints of the structure. The forces acting on a member at some point other 
than an end must be replaced by a statically equivalent set of end forces. The forces to be 
used are negative to the reactions at the beam and that the applied force would cause if 
the beam were fixed at both ends. Each joint force is a function of time, and each has six 
components, including moments as components of the generalized force. 
The calculation of wave forces and the determination of fluid-structure interaction may 
be handled either by the deterministic or the stochastic approach. The deterministic 
approach uses regular waves; the stochastic approach uses the effects of random waves. 
The Stokes wave theory is usually used to describe waves in deepwater, although it does 
not always provide the best fit to experimental wave data. It is used because the waves 
propagate without shape deformation and are periodic in space and in time. In the Stokes 
theory the wave amplitude of each term in the wave profile expression is not linearly 
related to the wave height as it true of the simpler one-term Airy theory. For this reason, 
the Airy theory is also widely used for deepwater wave calculations. 
The wave spectrum, also called the wave spectral density function or the wave energy 
spectrum is used in stochastic analysis to compute the structural response. The wave 
spectrum most often used is the Pierson-Moskowitz spectrum. 
TLP is designed to serve a number of offshore functions associated with the oil and gas 
production. It is considered particularly suitable for deep water applications where fixed 
platform costs become excessive. The displacement of the hull and the axial stiffuess of 
the vertical tendons are chosen such that the vertical and angular natural periods are short 
(well below the wave periods). Some of the main advantages include minimum heave 
motion which consequently reduces the complexity of the well system. 
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Wave forces on offshore structures are calculated in three different ways: 
• Morison equation 
• Froude-Krylov theory 
• Diffraction theory 
The Morison equation assumes the force to be composed of inertia and drag forces 
linearly added together. The components involve an inertia (or mass) coefficient and a 
drag coefficient which must be determined experimentally. The Morison equation is 
applicable when the drag force is significant. This is usually the case when a structure is 
small compared to the water wave length. Structure is small when the diameter is small 
compared to wave length (ratio of structure diameter over wave length< 0.2). 
When the drag force is small and inertia force predominates, but the structure is still 
relatively small the Froude - Krylov theory can be applied. It utilizes the incident wave 
pressure and the pressure-area method on the surface of the structure to compute the 
force. The advantage of this method is that for certain symmetric objects the force may be 
obtained in a closed form and the force coefficients are, generally, easy to determine. 
When the size of the structure is comparable to the wave length, the presence of the 
structure is expected to alter the wave field in the vicinity of the structure. In this case the 
diffraction of the waves from the surface of the structure should be taken into account in 
the evaluation of the wave forces. It is generally known as diffraction theory. 
A challenge for TLP is to keep the natural periods in heave and pitch below the range of 
significant wave energy. Heave period may be controlled by increasing the area oftethers 
to increase stiffness. Pitch period may be reduced by placing the tendons on a wide 
spacing to increase stiffness. However, it makes the support of the deck with large spans 
expensive. 
TLP technology preserves many of the operational advantages of a fixed platform while 
reducing the cost of production in water depths up to about 1500m. Its production and 
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maintenance operations are similar to those of fixed platforms. However, TLP are weight 
sensitive and may have limitations on accommodating heavy payloads. 
Overall, there are many similarities between a TLP and a sernisubmersible except that the 
mooring and the foundation systems for a TLP are unique to this concept. The structure is 
compliant with tendons present at each corner connecting the hull and the foundation. 
These tendons allow the platform to move in a horizontal plane (surge, sway and yaw) 
but restrict its motion in a vertical plane (heave, pitch, and roll). Buoyancy for the 
structure is provided by the vertical columns and horizontal pontoons making up its hull. 
The excess buoyancy over the platform weight ensures that the tendons are always kept 
in tension for all weather and loading conditions. Adequate air gap is maintained between 
the mean water line and the deck for all tide, wave, and motion conditions. 
The deck of a TLP supports the functional requirements. It provides space for 
accommodation, working area, processing equipment, derrick, cranes, pumps, helideck 
and control room. Although the deck itself is similar to that of any conventional platform, 
its layout and hook-ups are quite different. It should be noted that the TLP, like a 
semisubmersible, is sensitive to payload increases, directly influence or be influenced by 
the displacement and leg spacing of TLPs are the platform response characteristics, 
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Figure 1.2: Plan and elevation of the proposed TLP model.[Jain, 1995] 
The hull consists of the vertical columns, horizontal pontoons, and the bracings all of 
which can be circular, rectangular, or square in cross section. Recent and improved 
designs consist of larger diameter cylindrical cylinder shells for the columns and 
pontoons which have stiffener rings circumferentially and longitudinal stringers for a 
better control of the structural stability and damage resistance. Bilge and ballast systems 
are fitted into the space within the hull in addition to the drilling and potable water, diesel 
fuel, miscellaneous gear, pumps, machinery, fittings and equipment for storing, installing 
and monitoring the tendons. 
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The basic mooring system for a TLP includes tendons and connectors. Besides using 
solid or hollow pipes or wire ropes, one could also use high-strength materials made of 
Kevlar, cables, composites for tendons. Special attention must be paid to the collapse and 
buckling problems associated with thin-walled tubular tendons, especially in deep waters. 
Risers and their relevant structural components as vertical tension member can contribute 
to the station-keeping capability of the mooring system. These very long flexible 
members are complex structural entities themselves. Both tendon and riser 
analyses/designs make the proper design of the platform more difficult. 
Construction of the platform onshore, the mooring system and the platform installation 
are key to the flexibility of a TLP. When the depth and location are changed, the 
designers need to alter these drastically. Consequently, with no great conceptual 
difficulty one can extend a given TLP design for an intermediate water depth to deeper 
water depths. The designer can achieve this objective by optimizing the weight and 
volume of the platform. It is important that every ton of weight saving on the topside of a 
TLP yields substantial reductions: 
• In the fabrication costs of the hull steel 
• In the required tendon pretension 
• In the cost of the mooring and the foundation systems. 
Excess weight and volume have the greatest impact on the cost of TLPs. As the TLPs 
move into the deeper waters, these two factors can impose restrictions on the mooring 
and foundation design. 
A common feature linking all TLP designs at different water depths is the mooring 
system. However, the mooring system for TLPs differs significantly from most marine 
anchoring systems used for other floating vessels. It is permanent in the sense that it will 
hold the platform on station. But, the vertically oriented taut mooring system is quite 
rigid axially while being relatively flexible transversely. This in turn, provides a 
compliancy in the lateral movements (surge, sway, and yaw) while considerably 
suppressing the vertical motions (heave, pitch and roll) of the structure. 
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Figure 1.3: Coordination system and degree offreedom. [Jain,l995] . 
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Figure 1.4: TLP with surge displacement [Jain,1995]. 
The natural periods in the horizontal modes of motion are controlled by the pretension in 
the mooring system and the water depth. Consequently, the designer must select the 
pretension and the stiffuess of the mooring mechanism such that the natural periods for 
the lateral motions are far beyond the dominant wave excitation frequencies, whereas the 
periods for the motions in the vertical plane remain below the fatigue causing periods. 
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This fine tuning is intended to move the natural periods of the unit away from the energy 
intensive wave spectra to avoid amplification of the motions. 
As water depth increases, the longitudinal stiffuess demands may no longer be realized 
since the frequencies of the vertical motions begin to enter the wave frequency range. 
Other mooring systems such as stiffened steel tubular or composite materials can be used 
as an alternative solution. However, the latter brings with it a number of complexities 
such as the buckling, collapse, and the fatigue problems. These and other issues 
concerning the installation of TLP in great depths make the mooring system as one of the 
most problematic components of the TLP design in deepwater. 
The foundation system serves as the anchorage for the tendons and therefore, keeps the 
platform in place. The foundation fixtures are secured to the sea bed by either tension 
piles or gravity base structures. Installation of the TLP foundations is an especially 
challenging operation for deepwater development. 
The placement of a TLP in remote and hostile waters is further complicated by the fact 
that the storage of the reserves recovered may become an important issue. Temporary 
storage and tanker export facilities must be provided at times. These considerations are 
expected to introduce some variations in the existing TLP design concept in the near 
future. 
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1.2: Problem Statement 
Recently, the depletion of near shore oil resources is quite a big issue and therefore, this 
project studies other technology to extract oil in deep water for water depth greater than 
300m. Since fixed steel platform is expensive, this project aims to prove that the use of 
tension leg platform is reliable in deepwater and of low cost compared to normal fixed 
platform. 
1.3: Objectives and Scope of Study 
• To determine the wave forces acting on a square tension leg platform. 
• To study the responses of square tension leg platform in the direction of surge, 
heave and pitch. 




Tabeshpour (2006) reported the suitability of tension leg platform in deepwater 
exploration. Nonlinear dynamic analysis is done to determine the maximum deformations 
and stress of the TLP. For optimum design and control of the structure, the accurate and 
reliable response is needed. The analysis is done both in time and frequency domain. 
Pierson-Moskowitz spectrum is used based on generated random waves acted in the 
arbitrary direction on the structure. The hydrodynamic force is calculated using Morrison 
equation while the wave kinematics is calculated using Airy wave theory. In fact, 
Tabeshpour has calculated 'power spectral densities' (PSD), velocities and acceleration 
from nonlinear responses. 
In contrast, Paulling and Horton (1970) used linear hydrodynamic synthesis technique to 
predict the platform motions and tether forces due to regular waves. Each TLP member 
is assumed to be cylindrical in shape with cross-sectional dimensions small in 
comparison to both length of the cylinder and the wavelength. Both hydrodynamic 
interactions between adjacent or intersecting members and free surface effect are 
neglected. The drag term was linearized. Indeed, the synthesis technique agreed well with 
experimental model results. The motions and tensions due to regular waves were shown 
to vary in a linear fashion with wave amplitude. 
Angelides (1982) however considered the influence of hull geometry, water depth, force 
coefficients, pre-tension and tether stiffuess on the dynamic responses of the TLP. The 
floating part of the TLP was modeled with six degrees of freedom as a rigid body while 
the tethers were signified by linear axial springs. Wave forces were evaluated using 
modified Morrison equation. 
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Faltinsen (1982) developed theoretical model for the behavior of TLP using model test 
programmed. The model outlines are: (i) the velocity potential solution for first- and 
second-order hydrodynamics, except for the slender members which were modeled with 
Morison's equation; (ii) Morison's theory and Newman's approximation to calculate drift 
forces' (iii) the large deflection three-dimensional finite element theory with forces from 
Morison's equation which was used for the tethers, (iv) the short-crestedness of waves, 
and (v) the wind and current. 
Lyons (1983) compared the results of hydrodynamic analyses between two sets oflarge-
scale model test results for wave-induced motion responses of TLPs. The results of 
analyses and tests showed good agreement for surge motions although discrepancies were 
observed for the tether tension responses at certain wave frequencies. Linear wave theory 
was used and hydrodynamic interference between members was neglected. The nonlinear 
damping was linearized by assuming an effective linear damping, which would dissipate 
the same amount of energy at resonance as the nonlinear damping. 
Teigen (1983) presented the response of a TLP in both long-crested and short-crested 
waves through model tests. It was concluded that the low-frequency part of the horizontal 
response looked enlarged in tests carried out in long-crested seas, compared to tests 
carried out in short-crested seas, irrespective of the actual shape of the directional 
distribution. 
Morgan and Malaeb (1983) investigated the dynamic response of TLPs usmg a 
deterministic analysis. The analysis was based on coupled nonlinear stiffness coefficients 
and closed-form inertia and drag-forcing functions using the Morison equation. The time 
histories of motions were presented for regular wave excitations. The nonlinear effects 
considered in the analysis were stiffness nonlinearity arising from coupling of various 
degrees of freedom, large structural displacements and hydrodynamic drag force 
nonlinearity arising from the square of the velocity terms. It was reported that stiffness 
coupling could significantly affect the behaviour of the structure and the strongest 
coupling found to exist between heave and surge or sway. 
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Spanos and Agarwal (1984) used a single degree-of-freedom model of a TLP and 
calculated wave forces at the structure's displaced position using the Morison equation. It 
was shown that by numerically integrating the equation of motion, the calculation of 
wave forces, on the displaced position of the structure, introduces a steady offset 
component in the structural response for either deterministically or stochastically 
described wave fields. The formulation did not involve any velocity-squared type of 
terms, and yet an offset component was found to be present. 
Mekha et al. (1994) studied the nonlinear effect of evaluating the wave forces on a TLP 
up to the wave-free surface. Several approximate methods were evaluated for regular and 
irregular wave forces, with and without current, and compared to Stokes' second-order 
wave theory. The tethers were treated as massless springs providing axial and lateral 
stiffness at their connection with the hull. The following approximate methods were used 
to evaluate the wave kinematics from the mean water level to the wave free surface; 
hyperbolic extrapolation, linear extrapolation, stretching methods and uniform 
extrapolation. For a TLP subject to regular waves, the surge amplitude turns out not to be 
affected by the method chosen. However, the surge mean drift was very sensitive to the 
method used. Heave amplitude and mean offset were both affected by the method 
selected but were not significantly different from calculating the response to the mean 
water level only. The pitch response at its natural frequency was amplified at the free 
water surface, particularly for irregular waves, and was affected by the method selected. 
Lee (1994) presented the analytical solution of the coupling problem of a 2D tension leg 
structure interacting with a monochromatic linear wave train. Fluid-induced drags, 
including form drag and inertia drag, on linearly elastic tension legs had been considered 
in the study. The nonlinear form drag was then replaced by a linear drag according to 
Lorentz's hypothesis of equivalent work. Analytical solutions showed that the inertia 
drag on tension legs was negligible compared to that due to the evanescent waves caused 
by the wave-structure interaction. However, the form drag on the legs altered the 
structural motion and, consequently, the wave field, especially when wave periods were 
close to the structure's resonant frequency. 
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Hahn (1994) reported the effects of wave stretching on realistic representations of the 
wave forces that act on offshore structures. The structures considered were modelled as 
linear, cantilever, stick-like systems. The lateral responses of such systems to wave 
forces, computed from water particle kinematics calculated by using the standard and 
stretching approaches, were examined. The results showed that the effects of stretching 
on the governing wave forces and the resulting structural responses were small, 
indicating that they could be ignored in design practice. It was also shown that the action 
of stretching could not materially influence the governing excitation and the 
corresponding structural response. 
Duggal and Niedzwecki (1995) presented results from a large-scale experimental study of 
the interaction of regular and random waves with a long, flexible cylinder, exhibiting the 
dynamic characteristics of a TLP riser or tether in approximately I 000 m of water depth. 
Regular wave conditions were chosen to provide a large range of Keulegan-Carpenter 
numbers. Classification of the transverse response in regular waves showed similarities 
with results obtained by previous investigators with oscillating flow on rigid cylinders. 
For high Keulegan-Carpenter numbers, the response became more irregular, with 
response at harmonics of the incident wave frequency and at several natural frequencies 
of the cylinder. The greatest potential for reducing costs of a TLP in the short term is to 
go thoroughly through previously applied design approaches, to simplifY the design and 
reduce the conservatism that so far have been incorporated in the TLP design to 
accommodate for the unproven nature of this type of platform. 
According to Natvig and Vogel (1995), focus on design of future TLPs should be on the 
aspects of the platform geometry that affects tether loading and on the tether system 
itself Their experience with a four-legged TLP has shown that the indeterminate tether 
system implies some very heavy cost items. The new concept of a three-legged TLP, 
which will be statically determinate, will not require complicated devices and the 
foundations can be placed with larger tolerances without affecting tether behaviour. The 
main aspect of three-legged TLP is that all tethers share approximately the same loads 
despite weather directions. With the near-equal load sharing of the three-legged TLP, the 
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maximum load level in one group is less, thus requiring less tether cross section material 
than that of a four-legged TLP. Studies indicate that 12 tethers are feasible for a three-
legged TLP whilst 16 would be required for a four-legged equivalent TLP. This is thus an 
important area for savings since tethers are important cost items. 
Munkejord ( 1996) presented a conceptual analysis of the triangular TLP behaviour and 
then compared the results with data from model tests. The objective was to verify 
maximum tether tension, maximum platform offset, minimum air gap and tether fatigue. 
Aker and Saga Petroleum developed the concept of a triangular TLP, which has enabled 
significant savings in main steel for both hull and deck due to fewer main element 
intersections and effective force distributions. Munkejord (1996) summarized the design 
features for the triangular TLP of Aker as a statically determinate system with effective 
distribution of dynamic loads and fixed-length tethers. No design cases where TLP 
sustained a maximum storm with one tether missing were reported. No tether tension 
measurements required day-to-day operation and increased tolerances for the position of 
the foundation and increased draught and heel tolerances. No numerical study was 
reported on the triangular TLP. In view of the non-availability of any numerical study on 
the response behaviour of the triangular TLP, the present study deals with the 
investigation of the dynamic response of offshore TLPs under regular sea waves in the 
presence of current. Diffraction effects and second-order wave forces have been 
neglected and the evaluation of hydrodynamic forces is carried out using the modified 
Morison's equation with water particle kinematics using Airy's linear wave theory. The 
scope of the work is set to compare the structural response of a triangular-shaped TLP 
under regular waves in various structural degrees of freedom with that of a four-legged 




This chapter describes the methodology being done throughout two semesters. The 
project started with research oftension leg platform and proceeded with the calculation of 
frequencies domain analysis. Below are the details about the methodology carried out for 
the responses of square tension leg platform subjected to regular wave. 
3 .I Research of TLP 
All information gathered from offshore books, internet and also journals. Deep research 
is done to know the latest technology of TLP and the responses of TLP subjected to 
regular waves. 
3.2 Simple dvnamic rigid body analysis in frequency domain 
Frequency domain analysis is performed to simplify the calculation. The simplest and 
most useful of all wave theories is the small amplitude wave theory. This wave theory is 
also known as Airy theory or sinusoidal wave theory. It is based on the assumption that 
the wave height is small compared to the wave length or water depth. This assumption 
allows the free surface boundary conditions to be linearized by dropping wave height 
terms which are beyond the first order. This assumption also allows the free surface 
conditions to be satisfied at the mean water level, rather than at the oscillating free 
surface. 
When linearizing the drag force term in Morison's equation, the equations of motion in 
matrix form can be expressed as 
M,6 +Cit + Ku = P( v, ii) 
Where; 
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Mv= diagonal matrix of virtual mass 
C = matrix for structural and viscous damping 
K = square linear structural stiffuess matrix 
P (v, u) =the load vector where (v) and (u) are the water velocity and water acceleration. 
ii = structural acceleration 
u =velocity 
u= displacement 
Pierson-Moskowitz spectrum is a formula for an energy spectrum distribution of a wind 
generated sea state and it is accurate recorded data. This spectrum commonly known as 
P-M model has since been extensively used by ocean engineers as one of the most 
representative for waters all over the world. 
The P-M spectral model describes a fully-developed sea determined by one parameter, 
namely, the wind speed. The fetch and duration are considered infinite. For the 
applicability of such model, the wind has to blow over a large area at a nearly constant 
speed for many hours prior to the time when the wave record is obtained and the wind 
should not change its direction more than a certain specified small amount. 
Response-Amplitude Operator (RAO), so called because it allows the transfer of the 
exciting waves into the responses of the structure. Because of the invariance of the 
normalized response for a linear system, the RAO is unique. 
It is often found in practice that an RAO is defined as response amplitude per unit height. 
However, for reasons that will become clear subsequently, it is more convenient to define 
the RAO as the amplitude of response per unit wave amplitude. In the computation of an 
RAO, the waves are considered regular and a sufficient number of frequencies are chosen 
to cover the entire range of frequencies covered by the wave spectrum. 
The RAO could be theoretical or measured. The theoretical RAO's are obtained with the 
help of simplified mathematical formulas. When the problem is complicated to solve 
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analytically or when the mathematical assumptions need verification, tests are performed 
on a model of the prototype structure with regular waves in the controlled environment of 
the laboratory. The test results on model RAO's can then be scaled-up to obtain prototype 
RAO's. 
Generally, inertial systems are linear and drag systems are nonlinear. Thus, inertia forces 
are linear with the wave amplitude. For a linear system then, the response function at a 
wave frequency can be written as; 
Response (t) = (RAO) g(t) 
Where IJ(t) is the wave profile as a function of time, t. 
The response spectrum is defined as the response energy density of a structure due to the 
input wave-energy density spectrum. For a linear system, the function RAO is the 
squared and at a given frequency the square of the RAO is multiplied by the wave 
spectrum to evaluate the response spectrum value at that frequency. 
S,(t) = [RAO(w)]2 S(t) 
Where; 
Sx(t) = Surge response spectrum 
S = the wave spectrum 
f = wave frequency 
If a structure is free to move in waves its motion may be critical near the resonance of the 
structure. Therefore, it is important to study the overall response of the structure due to a 
design-wave spectrum. The RAO are written relating the dynamic motion of the structure 
to the wave-forcing function on the structure. Then the dynamic-motion spectrum is 
obtained from the force spectrum, or equivalently, from the wave spectrum. If the 
relationship between the motion and force is linear, the conversion is relatively 
straightforward. 
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Consider that the motion of the structure in a particular direction, x, is uncoupled and be 
modeled by a simple linearly damped spring-mass system. If m is the total mass of the 
system, K is its spring constant and C is the damping coefficient, then the equation of 
motion is; 
Where; 
Fr =inertia force amplitude which is linear with wave height. 
Cv = linear damping 
x =the displacement in the motion of surge, sway, and heave. 
v & u = velocity & acceleration 
x=Xcos(rot+f1) 
where ffi = ffid = ( 1- ~2 Y'(112l ffin 
The displacement function can be written as; 
where f1 is the phase difference between x(t) and lJ (t). 
This relationship can be transformed to obtain the motion spectrum in terms of the wave 
spectrum and RAO. 
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3.2.1 Steps in finding wave forces [Morrison equation]. 




d/L > very big 
Lo = L 
k, ro, e, s=(y+d), 
ks,kd,cosh ks, 
sinh ks, sinh kd, 
cos e, sine 
u, v, u(dot), 
vi dot) 
Ux , Uy, Uz, Cx, Cy, 
Cz. lrol, u( dot)x, u( dot)y, 
u(dot), 
Figure 3.1: Steps in finding wave forces 
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3.2.2 Steps in finding P-M Spectrum 
H,, Ol0 , f0 , a, g, ilf, T, design life 
f, f"5, (fifo) 4 
Figure 3.2: Steps in finding P-M Spectrum 
3.2.3 Steps in finding wave profile 
Freq, k, II, random number, x (position of 
TLP), h(f), time (t) 
D (x, t) 
Figure 3.3: Steps in finding wave profile 
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3.2.4 Steps in finding surge. heave & pitch response 
Mass of the structure, added 
mass, total mass, stiffness, ro, 
damping ratio, damping 
t, f, ro, H max, force, RA 0, H, cos ( 8) , 1J 
Figure 3.4: Steps in finding surge, heave and pitch response 
3.2.5 Steps in finding tension in each tether 
Atether, E tether, Ltetber, a:,~t~, IJ;:Sur:;g;e~, -----~ 
1J heave, 1J pitch, Lo, L~t~,L~z:,L~3:-------~ 
Tether tension 
Figure 3.5: Steps in finding tether tension 
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CHAPTER4: 
RESULT & DISCUSSION: 
This chapter summarizes the results obtained from the calculation of frequency domain 
analysis. The details of the calculation are attached in the appendices and the results are 
shown in term of graph. 
Figure 4.1 shows the position of column and pontoon of the square tension leg platform 
(TLP). The column is in the vertical direction while the pontoon is the horizontal 
direction. The wave acting on the square TLP is assumed to be in zero angles. Therefore, 
the square TLP experienced motions in 3 degrees of freedom (surge, heave & pitch). All 
the columns and two (2) pontoons facing the x direction of wave experienced the wave 
force from the x-direction. Wave force is calculated using Morrison equation. Before 
completed the Morrison equation, wave kinematics is calculated such as wave velocity 
and wave acceleration. The result shows that wave forces induced in horizontal and 
vertical direction and hence stimulate the occurrence of moments towards center of 
gravity of square tension leg platform. 
pontoon column 
Figure 4.1: Square Tension Leg Platform (TLP) 
23 
Figure 4.2 shows that the pattern of forces as it goes deeper into the water. Force of 
waves develops over the distance the wind has been able to build them up. The wave 
force decrease from the top of the hull to the bottom of the hull. This is due to the 
decrease in the value of gravitational force with depth. 

















wa~oe forces, N 
Figure 4.2: Graph of Water Depth vs Wave Forces 
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The graph in figure 4.3 represents the total energy content in the wave at a particular 
frequency. The energy density is obtained by dividing the energy ordinate at each point 
by the frequency increment, 6.f. The spectrum generally rises sharply at low frequency 
end to a maximum value and then decrease rather slowly with the increase in the 
frequency, f. The advantage of this kind of representation is that the area under the curve 











Wave Spectrum for Random Wave 
freq (Hz) 
Figure 4.3: P-M Spectrum. 
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Figure 4.4 shows the simulation of wave in time range from 0-50 seconds. The graph 














Figure 4.4: Wave Profile 
Surge response shows the magnitude of motion of tension leg platform in the direction of 
surge with respect to time. The graph in figure 4.5 represents how much the tension leg 






Ul 1 c 








Figure 4.5: Surge Response 
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Figure 4.6 shows the heave response of square TLP. The heave response referred to the 
vertical motion of square TLP with regards to the motion of wave. The heave motion is 
less compared to the surge motion because square TLP is moored by tether at the seabed. 












Figure 4.6: Heave Response 
Pitch response referred to the rotation of square TLP. Graph in figure 4. 7 shows that the 
maximum rotation of square TLP is around 0.08 degrees. Therefore, it is proved that the 
rotation only small and square TLP is safe in deep water exploration. The square TLP 









Figure 4.7: Pitch Response 
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Graph in figure 4.8 shows the difference tension in each tether of square TLP with 
respect to time. The total pretension of 16 tethers is around 55,000 KN. The vertical wave 
forces, reacted by the tethers, cause the tension to change with time. The tension force is 
kept under all condition by the excess buoyancy over weight of the platform. 





.!l 2000 U) 






Figure 4.8: Tether Tension vs Time 
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Figure 4.9 shows the cost of different type of platforms with respect to water depth. It is 
seen that the cost of rigid platform increase tremendously with water depth. Somehow, it 
is different with tension leg platform (TLP). Even though the cost is increase, the value is 
not so significant compared to rigid platform. This is because, the part that consume most 
of the steel in tension leg platform only its hull. Therefore, the portion of steel needed in 
constructing TLP is less compared to rigid platform. Hence, it is proved that TLP is more 





Figure 4.9: Cost Vs Water Depth 
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CHAPTERS 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions: 
I. Dynamic analysis of tension leg platform m frequency domain has been 
successfully carried out. 
II. The analysis gave the responses of tension leg platform in surge, heave, and pitch 
as well as tether tension. 
III. The maximum responses in surge (3m), heave (0.2m) and pitch (0.08°) as well as 
tether tension (5800 KN) have been found to be within allowable limits, thereby 
confirming the suitability of tension leg platform for deepwater application. 
N. Tension leg platform is economical and suitable in deepwater exploration. 
Recommendations for further study: 
I. Model testing on TLPs shall be conducted in our offshore laboratory so that the 
theoretical results can be compared with experimental results. 
II. Further dynamic analysis in time domain may be conducted to be compared with 
the results of frequency domain analysis. Also, SACS software may be used to do 
analysis on TLPs. 
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